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(57) Abstract: A circuit for driving a light-emitting panel including a plurality of thin-film transistors arranged for one pixel of 
a light-emitting element (1) having a matrix construction. The circuit has a transistor offset canceling circuit in which a memory 
capacitor (CI) is arranged on the input side of the light-emitting element (1), the offset voltage of a drive transistor (M2) is instantly 
O stored in the memory capacitor (CI), and the drop of the offset voltage is compensated when an image signal (Vdata) is applied at 
^ the next timing. Therefore, the variation of the transistor characteristics can be canceled to reduce the luminance variation of the 
55 light-emitting element and to realize quick response of the light-emitting element. 
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(57) ABSTRACT 
In a drive circuit to be used for a light-emitting panel formed 
by a light-emitting element array having a matrix type 
configuration, wherein a plurality of thin film transistors are 
arranged for each pixel of the light-emitting element array, 
a circuit for canceling the offset voltage of a drive transistor 
is provided by arranging a memory capacitance at the input 
side of the light-emitting element to instantly accumulate the 
offset voltage of the drive transistor so as to offset the 
phenomenon of the voltage fall that is equal to the offset 
voltage when an image signal s applied at the next timing. 
With this arrangement, variances in the characteristic of the 
drive transistors can be cancelled to lessen the variances in 
the brightness of the light-emitting elements and improve 
the high speed response of the light -emitting elements. 
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DRIVE CIRCUIT TO BE USED IN ACTIVE 
MATRIX TYPE LIGHT-EMITTING ELEMENT 
ARRAY 

[0001] This application is a conlinuation of International 
Application No. PCT/JP02/02470, filed Mar. 15, 2002, 
which claims the benefit of Japanese Patent Application No. 
080505/2001, filed Mar. 21, 2001. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] This invention relates to a drive circuit to be used 
in an active matrix type light-emitting element array for 
driving and controlling an array of emission type elements 
such as organic and inorganic electroluminescent (to be 
referred to as "EL" hereinafter") elements or light-emitting 
diodes (to be referred to as "LED" hereinafter) and also to 
an active matrix type display panel realized by using such a 

[0004] 2. Related Background Art 
[0005] Display devices adapted to display characters and 
images by means of a dot matrix formed by arranging 
light-emitting elements such as organic or inorganic EL 
elements or LEDs are currently popularly being used in 
television sets, mobile terminals and other applications. 

[0006] Particularly, display devices comprising emission 
type elements are attracting attention because, unlike display 
devices utilizing liquid crystal, they have a number of 
advantages including that they do not require a backlight for 
illumination and provide a wide view angle. Above all, 
display devices referred to as active matrix type devices that 
are realized by combining transistors and light-emitting 
elements and adapted to be operated in a drive mode referred 
to as static drive have been drawing attention because they 
provide remarkable advantages including high brightness, 
high contrast and high definition if compared with display 
devices that operate on a time division drive basis in a 
simple matrix drove mode. 

[0007] FIG. 8 of the accompanying drawings is quoted 
from Preliminary Papers "Eurodisplay '90" for Autumn 
Convention 1990, pp. 216-219, published by Society for 
Information Display. It illustrates a known display circuit of 
the type under consideration. More specifically, it shows a 
light-emitting element drive circuit of an active matrix type 
display device comprising EL elements as light-emitting 
elements. 

[0008] As seen from FIG. 8, when the scan line 36 that is 
connected to the gate of transistor 35 of the drive circuit is 
selected and activated, the transistor 35 becomes ON and a 
signal is written in capacitor 38 from the data line 37 
connected to the transistor 35. The capacitor 38 determines 
the voltage between the gate and the source of transistor 41. 
When the scan line 36 is no longer selected and the transistor 
35 becomes OFF, the voltage between the opposite ends of 
the capacitor 38 is held unchanged until the scan line 36 is 
selected in the next cycle and the transistor 41 is held ON 
during that period. 

[0009] As the transistor 41 becomes ON, an electric cur- 
rent flows from power supply electrode 39 to common 
electrode 42 by way of EL element 40 and the drain/source 
of the transistor 41 to drive the organic EL element 40 to 
emit light. 



[0010] Generally speaking, for the display terminal of a 
computer, the monitor screen of a personal computer or the 
display screen of a television set to display a moving image, 
it is desirable that each pixel can change the brightness so as 
to display gradation. As far as organic EL elements are 
concerned, known systems that have hitherto been used to 
provide displayed images with gradation include the analog 
gradation system, the area gradation system and the time 
gradation system. 

[0011] The analog gradation system is designed to control 
the brightness of emitted light of an organic EL element as 
a function of the quantity of the electric current flowing 
through the organic EL element. If a thin film transistor (to 
be referred to as "TFT" hereinafter) is used as switching 
element for supplying the electric current, a control signal is 
applied as gate voltage according to a video signal so as to 
control the conductance of the switching element by using a 
rising region (to be referred to as "saturated region" here for 
the sake of convenience) of the source current characteristic 
(Vg-Is characteristic) relative to the gate voltage. 
[0012] Then, it is necessary to make the gamma (y) 
characteristic of the video signal change according to the 
brightness — voltage characteristic of the organic EL ele- 
ment. 

[0013] Currently available TFTs include those of the 
amorphous silicon (a-Si) type and those of the polysilicon 
(polycrystalline silicon) type (p-Si), of which polycrystalline 
silicon TFTs are in the mainstream because they show a high 
mobility and can be downsized in addition to that the process 
of manufacturing polycrystalline silicon TFTs can be con- 
ducted at low temperature due to the recent advancement of 
laser processing technology. However, generally, polycrys- 
talline silicon TFTs are apt to be affected by the crystal grain 
boundaries thereof and their electric characteristics can vary 
remarkably particularly in the saturated region. In other 
words, even if a uniform video signal voltage is applied to 
the pixels of the display device, an uneven image can be 
displayed. 

[0014] Furthermore, most TFTs are currently being used 
as switching elements. More specifically, they are adapted to 
be used in a linearly operating region where the drain current 
changes proportionally relative to the source voltage when a 
gate voltage that is considerably higher than the threshold 
voltage of the transistor is applied so that they are not 
significantly affected by the varying electric characteristics 
in the saturated region. However, if polysilicon TFTs are 
operated in the saturated region in order to adopt the analog 
gradation system, the display performance of the display 
device can become unstable as the operation of the TFTs are 
affected by the varying electric characteristics. 

[0015] When, for instance, the organic EL element 40 is 
driven by the TFT circuit to display analog gradation in FIG. 
8, the voltage applied between the gate and the source of the 
transistor 41 is slightly higher than the threshold voltage 
(Vth) of the transistor. FIG. 9 is a graph illustrating the 
Vg-ls characteristics of different transistors. The transistors 
are adapted to utilize the part of the characteristic curve 
where the source current rises as the gate voltage increases 
(or the saturated region). However, if the gate voltage — 
source current characteristic (Vg-Is characteristic) varies as 
shown in FIG. 9 (or the threshold voltage Vth of the 
transistor varies), the electric current that flows through the 
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transistor 41 can also vary as indicated by I A (intersection of 
the curve of a solid line and VA) and IB (intersection of the 
curve of a broken line and VA) even if a constant gate 
voltage VA is applied to the gate electrode of the transistor 
41 in FIG. 8. Additionally, the brightness of light emitted 
when a constant voltage is applied may vary depending on 
the manufacturing process that can involve problems such as 
film thickness distribution of an organic layer. Such vari- 
ances are particularly significant when brightness is related 
to providing gradation. Referring to FIG. 8 again, the part 
surrounded by dotted lines 43 indicates a region that is apt 
to produce such variances. Then, organic EL elements 40 
that are supposed to show a same level of brightness when 
a same voltage is applied can actually show different levels 
of brightness. Such variances in brightness can degrade the 
quality of the displayed image. 

[0016] On the other hand, the area gradation system is 
proposed in AM-LCD2000, AM3-1. It is a system of divid- 
ing each pixel into a plurality of sub-pixels so that each 
sub-pixel can be turned ON and OFF and gradation may be 
defined by the total area of the pixels that are ON. 

[0017] With this mode of utilizing organic EL elements, 
TFTs are used as switching elements so that a gate voltage 
that is much higher than the threshold voltage is applied to 
exploit a region of the characteristic curve where the drain 
voltage is proportional to the source voltage (or the linear 
region) in order to avoid variances in the TFT characteristic 
and stabilize the light-emitting characteristic. However, this 
gradation mode can provide only digital gradation that 
depends on the dividing manner for the display area and the 
number of sub-pixels has to be increased by reducing the 
area of each sub-pixel when raising the number of grada- 
tions. Even if transistors are downsized by using polycrys- 
talline silicon TFTs, the area of the transistor arranged in 
each pixel comes to occupy the corresponding light-emitting 
area to a large extent to consequently reduce the aperture 
ratio of the pixel so that by turn the brightness of the entire 
display panel is inevitably reduced. In other words, the 
gradation is a tradeoff for the aperture ratio and therefore it 
is difficult to improve the gradation. Additionally, the den- 
sity of the drive current flowing through an organic EL 
element may have to be raised to achieve a desired level of 
brightness to consequently raise the drive voltage of the 
element and reduce the service life of the element. 

[0018] Finally, the time gradation system is a system of 
controlling the gradation by way of the ON time period of 
each organic EL element as reported in SID 2000 DIGEST 
36.1 (pp. 912-915). However, the TFTs of the display panel 
have to be driven to operate in a linear region as in the case 
of the area gradation system in order to minimize the 
variances in the TFT characteristic so that the problem of a 
high power supply voltage to be applied to the drive circuit 
and a high overall power consumption rate remains 
unsolved. 

[0019] Additionally, the time gradation system is a com- 
plicated system for driving a display device. Currently, for 
ordinary picture signals transmitted to display devices, 
brightness signals of three primary colors of RGB are output 
in the form of analog signals. In the case of video signals, 
signals are produced by decoding composite signals or Y/C 
signals into RGB brightness signals. The analog signals need 
to be changed into PWM signals that are time amplitude 



signals. For this purpose, as shown in FIG. 10, an AD 
converter, an image memory, a PWM signal converter 
circuit and an MPU for controlling them are required. 

[0020] Furthermore, with the time gradation system, a 
pulse voltage has to be applied for a very short period of time 
to each element that is provided with matrix wiring. There- 
fore, it is necessary to reduce the electric resistance of the 
matrix wiring system in the display panel. Then, the display 
panel has to be so designed as to use a low resistance 
material for the wires and raise the thickness of the wires in 
order to reduce the electric resistance thereof. 

[0021] While the analog gradation system requires only a 
signal amplifying circuit for changing the signal level of 
RGB analog signals to the brightness signal level that 
matches the display elements on the display panel as shown 
in FIG. 11, the lime gradation system requires a complex 
drive system as described above, which by turn raises the 
power consumption level and the cost of manufacturing the 
elements. Thus, the time gradation system is accompanied 
by a number of problems including not only those relating 
to the performance of the display device but also those 
relating to the drive system. 

[0022] However, if the analog gradation system is 
adopted, the individual transistors can show respective 
threshold voltages (Vth) that vary from transistor to tran- 
sistor to a large extent, as mentioned above. Then the output 
current can also show variances to consequently give rise to 
variances in the brightness of emitted light. 

[0023] Variances of the threshold voltage will be briefly 
discussed below. 

[0024] As shown in FIG. 8, a TFT for driving an EL 
element operates as part of a source follower circuit from the 
circuit point of view. In the source follower circuit, the drain 
of the TFT is connected to power source Vdd and the gate 
operates as input terminal, while the source operates as 
output terminal. Thus, the EL element is arranged between 
the source of the TFT and the Vss (GND) and an electric 
current flows through it. If the source terminal voltage is 
Vout and the gale input voltage is Vin, 



[0025] where Vos is the offset voltage generated between 
the gate and the source. 

[0026] Generally, if the electric current that flows to the 
source terminal is lout, Vos is expressed by 

Vos-Vth+>TJ(Iou!/p).. 
[0027] where 

IHv*)x/«co![x(wi), 
[0028] where fi represents the mobility and Cox, W and L 
respectively represent the gate oxide film capacitance, the 
gate width and the gate length of the TFT. 

[0029] As may be clear from the above description, in a 
source follower circuit comprising TFTs, each individual 
TFT has its own offset voltage Vos that is specific to it and 
causes variances in the threshold voltage Vth of transistor. 
Therefore, it is desired to eliminate the influence of offset 
voltage and provide a stable output characteristic curve from 
the viewpoint of driving organic EL elements by means of 
TFTs with the analog system. 
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SUMMARY OF THE INVENTION 

[0030] In view of the above identified circumstances, it is 
therefore the object of the present invention to provide a 
drive circuit of an active matrix type light-emitting element 
array that can cancel variances in the signal to be applied to 
light-emitting elements so as to improve the response speed 
of the light-emitting element array when a TFT realized 
using polycrystalline silicon and showing a characteristic 
that is subject to variance is employed and also provide an 
active matrix type display panel using such a drive circuit. 
[0031] In an aspect of the invention, the above object is 
achieved by providing a drive circuit to be used in an active 
matrix type light-emitting element array comprising scan 
lines and signal lines arranged on a substrate to form a 
matrix and unit pixels formed near the respective crossings 
of the scan lines and the signal lines, each unit pixel 
including a light-emitting element and a plurality of thin film 
transistors each having a source electrode, a gate electrode 
and a drain electrode, the drive circuit comprising: 

[0032] a first circuit section including a first thin film 
transistor (Ml) having a gate electrode connected to 
a scan line, a source electrode connected to a signal 
line and a drain electrode; 
[0033] a second circuit section including a light- 
emitting element having an electrode connected to a 
first power source and a second thin film transistor 
(M2) having a gate electrode, a source electrode 
connected to a second power source and a drain 
electrode connected to another electrode of the light- 
emitting clement, hence the light-emitting element 
being connected in series to the second thin film 
transistor; and 
[0034] a third circuit section including a third thin 
film transistor (M3) having a source electrode con- 
nected to a reference power source and a drain 
electrode connected to the gate electrode of the 
second thin film transistor; 

[0035] the drain electrode of the first thin film tran- 
sistor being connected to the gate electrode of the 
second thin film transistor by way of a memory 
capacitance (CI); 

[0036] the drain electrodes of the first and second thin 
film transistors being commonly connected. 

[0037] Typically, the voltage of the reference power 
source is higher than the threshold voltage of the second thin 
film transistor and lower than the light emission threshold 
voltage of the light-emitting element. 
[0038] A drive circuit having a configuration as defined 
above may further comprise a fourth circuit section includ- 
ing a fourth thin film transistor having a source electrode 
connected to a reset voltage and a drain electrode connected 
commonly to the input terminal of the light-emitting ele- 

[0039] This arrangement provides a functional feature of 
forcibly terminating the light-emitting state of the light- 
emitting element by turning on the fourth transistor particu- 
larly in a field period. 

[0040] In another aspect of the invention, there is provided 
an active matrix type display device comprising a plurality 



of pixel sections arranged in the form of a matrix, the pixel 
sections respectively having the above drive circuits and the 
light-emitting elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a circuit diagram of the first embodiment 
of drive circuit to be used in an active matrix type light- 
emitting element, the first embodiment comprising a first 
circuit section including a first TFT (Ml) and a memory 
capacitance, a second circuit section including a second TFT 
(M2) and a light-emitting element and a third circuit section 
including a third TFT (M3) and a reference power source. 
[0042] FIG. 2 is a timing chart to be used for the first 
embodiment of drive circuit. 

[0043] FIG. 3 is a circuit diagram of the second embodi- 
ment of drive circuit to be used in an active matrix type 
light-emitting element, the second embodiment having a 
configuration same as that of the first and further comprising 
a fourth circuit section including a fourth TFT (M4) and a 

[0044] FIG. 4 is a timing chart to be used for the second 
embodiment of drive circuit. 

[0045] FIG. 5 is a circuit diagram of the third embodiment 
of drive circuit to be used in an active matrix type light- 
emitting element. 

[0046] FIG. 6 is a liming chart to be used for the third- 
embodiment of drive circuit. 

[0047] FIG. 7 is a circuit diagram of the fourth embodi- 
ment of the invention, which is an active matrix type 
light-emitting element. 

[0048] FIG. 8 is a circuit diagram of known drive circuit 
to be used in an active matrix type light-emitting element. 

[0049] FIG. 9 is a graph illustrating the gate voltage- 
source current characteristic (Id-Is characteristic) of transis- 
tors having a same threshold voltage Vth and different 
electric current characteristics. 

[0050] FIG. 10 is a schematic block diagram of a known 
PWM drive system. 

[0051] FIG. 11 is a known analog drive system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] Now, the present invention will be described by 
referring to the accompanying drawings that illustrate pre- 
ferred embodiments of the invention, although the present 
invention is by no means limited to the embodiments. 

Embodiment 1 

[0053] FIG. 1 is a circuit diagram of the first embodiment 
of drive circuit to be used in an active matrix type light- 
emitting element array and FIG. 2 is a drive timing chart to 
be used for the first embodiment of drive circuit. In FIGS. 
1 and 2, Ml, M2 and M3 denote respective Nch-TFTs and 
CI denotes a memory capacitance, whereas 4>r and (|>g 
respectively denote a control pulse signal and a scan line 
signal and Vdata denotes a picture signal for driving the 
light-emitting element. 
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[0054] This embodiment of drive circuit is so designed as 
to be used in an active matrix type light -emitting element 
array comprising scan lines 5 and signal lines 9 arranged to 
form a matrix and unit pixels arranged near the respective 
crossings of the scan lines and the signal lines, each unit 
pixel including a plurality of TFTs (Ml, M2, M3) and a 
light -emitting element 1. 

[0055] This embodiment employs an organic EL element 
for the light-emitting element 1. One of the electrodes of the 
organic EL element is connected to first power source 6. The 
drain electrode of the first TFT (Ml) is connected to one of 
the electrodes of memory capacitance CI and at the same 
time to the drain electrode of the second TFT (M2) and the 
other electrode of the light-emitting element 1. 
[0056] The second TFT (M2) has its source electrode 
connected to second power source 7 and its gate electrode 22 
connected to the other electrode of the memory capacitance 
CI and also to the drain electrode of the third TFT (M3). The 
third TFT (M3) has its source electrode connected to refer- 
ence power source 8 and its gate electrode 33 connected to 
control signal line 4. The first TFT (Ml) has its source 
electrode connected to picture data signal line 9 and its gate 
electrode 11 connected to the scan line 5. 
[0057] Referring now to FIG. 2 illustrating a timing chart 
to be used for the first embodiment of drive circuit, the TFT 
(M3) is turned on and reference voltage Vref is applied to the 
gate electrode 22 of the TFT (M2) constituting a source 
follower circuit at the first timing. Since the reference 
voltage Vref is defined to be higher than the threshold 
voltage of the TIT" (M2), the latter is turned on at this timing. 
[0058] As a result, the output Vout of the source follower, 
which is applied to one of the electrodes of the light-emitting 
element 1, produces a voltage showing the value obtained by 
subtracting the offset voltage Vos of the TFT (M2) from the 
reference voltage Vref or 
Vom=Vref-Vos. 

[0059] Note that the potential fall due to the TFT (M3) is 
disregarded here. At this time, a voltage equal to the differ- 
ence between Vref and Voul is produced between the oppo- 
site ends of the memory capacitance CI. 

Vref-\but=Vos. 

[0060] From the viewpoint of the reference voltage Vref, 
if the value of Vout is not greater than the light emission 
threshold value of the light-emitting element, the latter does 
not emit light at this time. 

[0061] At the next timing when the TFT (M3) is turned off 
and the TFT (Ml) is turned on, the picture data signal Vdata 
is transferred to one of the electrodes of the memory 
capacitance CI. As a result, since one of the terminals of the 
memory capacitance CI that is connected to the gate elec- 
trode of the TFT (M2) is electrically floating, a voltage equal 
to the sum of Vdata and the voltage Vos that was induced in 
the preceding step, or Vdata+Vos, is produced for the gate 
voltage Vg (M2) of the TFT (M2). At this time, the output 
voltage of the source follower is produced at one of the 
electrodes of the light-emitting element 1. 

Vout-Vdala+Vos-Vos-Vdata 
[0062] Thus, the offset voltage of the TFT (M2) is not 
applied to the light-emitting element 1. In other words, the 
offset voltage is cancelled. 



[0063] As pointed out above, Ihe reference voltage Vref of 
this embodiment is so defined as to make Vref-Vos not 
greater than the light emission threshold value of the light- 
emitting element. When the reference voltage is defined as 
such, it provides the following effect. 
[0064] Currently, massive development efforts are being 
paid for raising the light-emitting efficiency of light-emitting 
elements from the viewpoint of achieving a long service life 
and reducing Ihe power consumption rate. However, the 
drive currenl that drives an organic EL element with highest 
efficiency is about 2 to 3 /tA for a pixel size of 100 umxlOO 
fim at present. The junction capacitance of an organic EL 
element is about 25 nF/cnr and therefore a pixel of 100 
//mxlOO ;/m shows a capacitance of about 2.5 pF. 
[0065] Thus, for producing an 8-bit gradation by the 
analog gradation system, the minimum electric current will 
be 

2to3//A/2 s — 8tol2nA. 

[0066] Generally, the threshold voltage of an organic 
light-emitting element is 2 to 3 V. When driving an organic 
light-emitling element to emit light with the smallest electric 
current necessary for producing an 8-bit gradation, the 
junction capacitance of the element needs to be charged 
before the element starts emitting light. The time required 
for charging the junction capacitance can be estimated by 
junction capacitance Cxlight emission threshold voltage Vt 

[0067] -minimum electric currenl Iminxtime t. 

[0068] Thus, 

[0069] lime t=2.5 pFx2 to 3 V/8 to 12 nA s420 /<s to 
940 f s. 

[0070] It takes so much time only for charging the junction 
capacitance. This simply means that an image display device 
with a pixel size of the VGA class cannot display any 
moving image. 

[0071] Referring to FIG. 1, when the TFT (M3) becomes 
ON, the above Vref is applied to the gate electrode of the 
TFT (M2) and a voltage equal to Vref-Vos is applied to the 
corresponding terminal of the organic EL element. There- 
fore, if the light emission threshold voltage of the organic EL 
element is Vt, it is only necessary to charge a voltage equal 
to the difference of Vt-Vout. 

[0072] Thus, with the circuit configuration of this embodi- 
ment, it is possible to precharge not only the gate voltage of 
the TFT (M2) but also the junction capacitance of the 
light-emitting element al the same time. 
[0073] For example, if the junction capacitance is C and 
the electric current necessary for emission of light is I and 
the reference voltage is Vref, the time t that needs to be 
consumed until the start of light emission is calculated in a 
manner shown below. 



r = (Vr-Vo«[)xC7/ 
= {Vi-Vreft- Vos)xC/l. 



[0074] As described above, assume that the light emission 
current is 100 nA. If Vt-Vout is equal to 0.5 V and the 
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capacitance C is equal to 2.5 pF, the time that needs to be 
consumed until the start of light emission is 

t=0.5x2.5 pF/100 nA=32.5 us. 
[0075] With such a value, it is possible to realize the 
minimum time of 30 fis required for devices conforming to 
the VGA Standard. 

[0076] As described above, according to the invention, it 
is possible not only to cancel the offset voltage due to the 
variances of the characteristics of the this but also to 
precharge the junction capacitance in advance so that the 
time required to be consumed until the start of light emission 
of each element can be reduced by eliminating the time 
required for charging the junction capacitance. 

Embodiment 2 

[0077] FIG. 3 is a circuit diagram of the second embodi- 
ment of drive circuit to be used in an active matrix type 
light -emitting element array and FIG. 4 is a drive timing 
chart to be used for the second embodiment of drive circuit. 
[0078] This embodiment of drive circuit is so designed as 
to be used in an active matrix type light-emitting element 
array comprising scan lines 5 and signal lines 9 arranged to 
form a matrix and unit pixels arranged near the respective 
crossings of the scan lines and the signal lines, each unit 
pixel including a plurality of TFTs (Ml, M2, M3, M4) and 
a light-emitting element 1. 

[0079] This embodiment employs an organic EL element 
for the light-emitting element 1. One of the electrodes of the 
light -emitting element 1 is connected to first power source 6. 
The drain electrode of the first TFT (Ml) is connected to one 
of the electrodes of memory capacitance CI and at the same 
time to the drain electrode of the second TFT (M2), the drain 
electrode of the fourth TFT (M4) and the other electrode of 
the light -emitting element 1. 

[0080] The second TFT (M2) has its source electrode 
connected to second power source 7 and its gate electrode 22 
connected to the other electrode of the memory capacitance 
CI and the drain electrode of the third TFT (M3) and has its 
drain electrode connected to the other electrode of the 
light-emitting element and the aforementioned one electrode 
of the memory capacitance. 

[0081] Additionally, the third TFT (M3) has its source 
electrode connected to reference power source 8 and its gate 
electrode 33 connected to first control signal line 4. The first 
TFT (Ml) has its source electrode connected to picture data 
signal line 9 and its gale electrode 11 connected to the scan 
line 5. Furthermore, the fourth TFT (M4) has its source 
electrode connected to second reference power source (reset 
voltage) 10 (ground potential GND in this case) and its gate 
electrode 44 connected to second control signal line 14. 

[0082] The basic concept of canceling the offset voltage of 
this embodiment is same as that of the first embodiment. 
However, this embodiment additionally comprises a fourth 
TFT (M4) having its drain electrode connected to one of the 
electrodes of the memory capacitance CI and one of the 
electrodes of the light-emitting element 1. The source elec- 
trode of the TFT (M4) is connected to the second reference 
power source (reset voltage) 10, which shows GND. The 
TFT (M4) is made ON before the timing of precharging 
(turning ON the TFT (M3)). If the TFT (M4) is turned ON 



when the second reference power source (reset voltage) 
shows the ground potential, the memory capacitance CI is 
grounded to discharge its electric load so as to make the 
potential difference between the opposite ends of the light- 
emitting element 1 equal to zero before transferring the next 
signal voltage Vdata and completely stop the emission of 
light. If an EL element is used for the light-emitting element, 
the element can be brought into an electrically relaxed state 
to effectively prolong the service life of the element for 
emission of light when the potential difference between the 
opposite ends of the light-emitting element is reset before 
another start of emission of light. 

[0083] Note, however, that any voltage not higher than the 
light emission threshold voltage of the light-emitting ele- 
ment may be used to reset the element by stopping the 
emission of light of the element. While the GND potential is 
selected as reset voltage in this embodiment, the effect of 
stopping the emission of light can be realized by some other 
voltage that is not higher than the light emission threshold 
voltage of the light -em it ting element. An effect of precharg- 
ing the element can also be achieved when a voltage close 
to the light emission threshold voltage of the element is 
selected for the reset voltage because the junction capaci- 
tance of the element can also be charged. 

[0084] While all the TFTs are Nch-TFTs in the above 
described embodiments, it may be needless to say that they 
may be replaced by Pcb-TFTs to achieve the same effects. 
Note that the logic of the control electrode drive timing 
signal for each of the TFTs is inverted if Pch-TFTs are used. 

Embodiment 3 

[0085] FIG. 5 is a circuit diagram of the third embodiment 
of drive circuit to be used in an active matrix type light- 
emitting element and FIG. 6 is a drive timing chart to be 
used for the third embodiment of drive circuit. 
[0086] While this embodiment has a configuration basi- 
cally same as the first embodiment, the TFT (M2) that is 
used for a source follower circuit is made to show a polarity 
opposite to that of the remaining TFTs (Ml, M3) . Therefore, 
the polarity of the precharge control signal or and that of the 
scan line signal ij)g are inverted from those of FIG. 2. The 
TFT (M2) operates with a positive logic, whereas the TFTs 
(Ml, M3) operate with a negative logic. 
[0087] More specifically, since the Ml and M3 are turned 
ON at the low level of M2, signals Vref and Vdata to be used 
for a positive logic can be transferred reliably. As a result, 
the amplitude of the gate voltage of each of the Ml and M3 
can be reduced when transferring Vref and Vdata. Thus, this 
embodiment of drive circuit can be downsized if compared 
with the first embodiment having a circuit configuration as 
shown in FIG. 1 and hence the power consumption rate of 
the entire current of this embodiment can also be reduced. 

Embodiment 4 

[0088] FIG. 7 is a circuit diagram of an active matrix type 
light-emitting element array realized by arranging drive 
circuits of the first embodiment in the form of matrix. This 
embodiment of display panel comprises drive circuits of the 
first embodiment and a plurality of pixel sections are also 
arranged in the form of matrix. Light-emitting elements 1 
are arranged at the respective pixel sections. While FIG. 7 
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shows a 2x2 matrix circuit for the purpose of simplification, 
it may be clear that the number of rows and that of columns 
are not subject to any limitation. 

[0089] Referring to FIG. 7, <(>g (<j>gl, (|)g 2, . . . ) are 
sequentially selected at least on a row by row basis by the 
output of a scan circuit (not shown) typically comprising 
vertical shift registers. As rows are sequentially selected, 
picture data signals Vdata (Vdatal, Vdata2, . . . ) that 
represent the display brightness of the corresponding pixels 
are transferred from the respective signal lines. An electric 
current is made to flow through the organic EL light- 
emitting elements by the above described mechanism of 
driving the pixel circuits as a function of signal level. 

[0090] Control pulse signal <j>r and reference voltage Vref 
are commonly supplied to all the pixels to drive them at the 
same time. Alternatively, control pulse signal <j>r may be 
supplied to each row independently, although an output 
circuit is required to select individual rows by controlling <f>r 
in such a case. 

[0091] A matrix display device having a configuration as 
described above is adapted to display an image stably 
without being influenced by variances in the threshold 
voltage Vt of the TTTs of the device. Since it employs not 
the time gradation display system but the analog gradation 
display system, it does not require the use of a PWM 
modulation circuit or the like so that the entire drive system 
of the device can be simplified to provide a great advantage 
in terms of manufacturing cost. 

[0092] Additionally, with the time gradation system, a 
field time period is divided into several sub-periods so that 
ON/OFF operations are required to be carried out within a 
short period of time. Then, the electric resistance of the 
matrix wiring is required to be minimized because the drive 
waveform is apt to delay if the electric resistance of the 
wiring is high. To the contrary, a wide choice is available to 
the selection of the material of the wires for a circuit 
designed with this system because the resistance of the 
wiring is not required to be extremely low and, at the same 
time, it is not necessary to use wires having a large thickness 
to a great advantage of the circuit from the manufacturing 
point of view. Therefore, both the manufacturing cost and 
the power consumption rate can be improved remarkably if 
compared with conventional circuits. 

[0093] Furthermore, as pointed out earlier, the junction 
capacitance of the light-emitting element can be precharged 
in advance to remarkably improve (he response speed of the 
light-emitting element in a low electric current light emis- 
sion zone when the reference voltage Vref is so selected as 
to be not greater than the light emission threshold voltage of 
the light-emitting element. While not illustrated in the 
drawings, a display panel realized by arranging drive circuits 
of the second or third embodiment into the form of matrix 
provides effects and advantages similar to those described 
above by referring to the first embodiment. 

[0094] While light-emitting elements are described mainly 
in terms of organic EL elements for the above embodiments, 
the present invention is by no means limited to organic EL 
elements and they are replaced by other light-emitting 
elements such as inorganic EL elements or LEDs without 
losing the advantages of the present invention. As for the 
polarities of the TFTs, it may be needless to say that they are 



not limited to those described for the above embodiments. 
The material of the TFTs is not limited to inorganic semi- 
conductor such as silicon and may alternatively be made of 
any of the organic semiconductor that have been developed 

[0095] As described above in detail, according to the 
invention, it is now possible to provide a drive circuit of an 
active matrix type light-emitting element array that can 
cancel variances in the signal to be applied to the light- 
emitting elements so as to improve the response speed of the 
light -emitting elements when TFTs realized using polycrys- 
lal silicon and showing a characteristic that is subject to 
variance are employed and also an active matrix type display 
panel using such a drive circuit. 



What is claimed is: 

1. A drive circuit to be used in an active matrix type 
light-emitting element array comprising scan lines and sig- 
nal lines arranged on a substrate to form a matrix and unit 
pixels formed near the respective crossings of the scan lines 
and the signal lines, each unit pixel including a light- 
emitting element and a plurality of thin film transistors each 
having a source electrode, a gate electrode and a drain 
electrode, said drive circuit comprising: 

a first circuit section including a first thin film transistor 
(Ml) having a gate electrode connected to a scan line, 
a source electrode connected to a signal line and a drain 
electrode; 

a second circuit section including a light-emitting element 
having an electrode connected to a first power source 
and a second thin film transistor (M2) having a gate 
electrode, a source electrode connected to a second 
power source and a drain electrode connected to 
another electrode of the light-emitting element, hence 
said light-emitting element being connected in series to 
said second thin film transistor; and 

a third circuit section including a third thin film transistor 
(M3) having a source electrode connected to a refer- 
ence power source and a drain electrode connected to 
the gale electrode of said second thin film transistor; 

the drain electrode of said first thin film transistor being 
connected to the gate electrode of said second thin film 
transistor by way of a memory capacitance (CI); 

the drain electrodes of said first and second thin film 
transistors being commonly connected. 

2. A circuit according to claim 1, wherein 

the voltage of said reference power source is higher than 
the threshold voltage of said second thin film transistor. 

3. A circuit according to claim 1, wherein 

the voltage of said reference power source is lower than 
the light emission threshold voltage of said light- 
emitting element. 

4. A circuit according to claim 1, further comprising: 

a fourth circuit section including a fourth thin film tran- 
sistor (M4) having a source electrode connected to a 
reset voltage and a drain electrode connected com- 
monly to the input terminal of said light-emitting 
element. 
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5. A circuil according to claim 4, wherein 

the voltage of said reference power source is higher than 
the threshold voltage of said second thin film transistor. 

6. A circuit according to claim 4, wherein 

the reset voltage is lower than the light emission threshold 
voltage of said light-emitting element. 

7. A circuit according to claim 4, wherein 

the reset voltage is equal to the ground potential. 



8. A circuit according to claim 4, wherein 

said circuil is provided with a function of forcibly termi- 
nating the light-emitting state of said light-emitting 
element by turning on said fourth transistor. 

9. An active matrix type display device comprising a 
plurality of pixel sections arranged in the form of a matrix, 
said pixel sections respectively having drive circuits and 
light-emitting elements as defined in claim 1. 
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